Abstract. Peach trees [Prunus persica (L.) BatSch.] blossom-thinned by hand were overthinned due to poor fruit set of the remaining flowers; however, their yield was equivalent to trees hand-thinned 38 or 68 days after full bloom (AFB). Blossom-thinned trees had three times the number of flower buds per unit length of shoot and had more than two times the percentage of live buds after a March freeze that had occurred at early bud swell the following spring. Blossom-thinned trees were more vigorous; their pruning weight increased 45%. For blossom-thinned trees, the number of flowers per square centimeter limb cross-sectional area (CSA) was two times that of hand-thinned trees and four times that of the control trees for the next season. Fruit set of blossom-thinned trees was increased four times. Flower buds on the bottom half of shoots on blossom-thinned trees were more cold tolerant than when hand-thinned 68 days AFB. Fruit set per square centimeter limb CSA was 400% greater the following year on blossom-thinned trees compared to controls. Removing strong upright shoots on scaffold limbs and at renewal points early in their development decreased dormant pruning time and weight and increased red pigmentation of fruit at the second picking. The number of flower buds per unit shoot length and percent live buds after the spring freeze were negatively related to crop density the previous season for trees that had been hand-thinned to varying crop densities at 48 days AFB. According to these results, blossom thinning and fruit thinning to moderate crop densities can influence the cold tolerance of peach flower buds in late winter.
Crop value of peaches is influenced by fruit size, color, quality, price, and yield. Blossom thinning decreased the early competition between fruit and usually increased fruit size and yields by 20% to 30% compared with hand thinning 40 to 50 days after full bloom (AFB) (Byers and Lyons, 1985; Havis, 1962) . In addition, 50% more bearing shoots and 50% more flower buds were produced on blossomthinned trees than on trees hand-thinned at 40 to 50 days AFB (Byers et al., 1990) . Dorsey (1935) observed that peach flower bud differentiation was first detected about four nodes from the growing tip. Reduced fruit competition with vegetative shoots results in more flower bud differentiation, particularly on the basal five nodes of the current season's shoots (Byers et al., 1990) .
Strong shoots that develop within the tree canopy may grow 2 to 3 m long, shade the canopy, and must be removed during dormant Received for publication 9 Apr. 1993. Accepted for publication 16 Aug. 1993 . The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact.
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pruning. These vigorous shoots can cause substantial shading of the bearing canopy and may require considerable stored reserves for growth.
The number of fruit set per tree depends on the number of flowers per unit length of wood, the amount of fruiting wood, and climatic conditions during pollination/fertilization. If blossoms are thinned to a quantity where every flower is expected to set a fruit, overthinning likely will occur. In 1992, only 25% of the 'Cresthaven' flowers set fruit.
This research was conducted to study the influence of blossom thinning and early summer removal of upright vigorous shoots on fruit size, color, and yield in the current year and the effects on pruning time, pruning weight, flower-bud development, and fruit set for the next season. In addition, because we observed that treatments influenced flower-bud survival after a spring freeze the year following treatment, we reported flower-bud survival data for the following year for three experiments.
Materials and Methods
Thirty 7-year-old 'Cresthaven'/Lovell peach trees located near Winchester, Vs., were used to compare the trees' response to removal of strong shoots from blossom-thinned and hand-thinned trees. Shoots were removed three times to make sure the majority of shoots were removed by 52 days AFB. Most of these shoots were 10 to 15 cm long at 25 days AFB, 15 to 30 cm long at 38 days, and 15 to 50 cm long at 52 days. A randomized completeblock design with six single-tree replications for each of five treatments was used. The trees were open-center trees, spaced 3 × 7 m, and were pruned to ≈2.25 m high (average trunk circumference was 38 m). The treatment structure was an augmented factorial (Table 1) (Lentner and Bishop, 1986) . The factorial components consisted of hand-thinning fruitlets 38 days AFB vs. blossom-thinning and shoot removal vs. no shoot removal plus a control hand-thinned late, i.e., 68 days AFB. To prevent damage to any overcropped trees, all trees were hand-thinned 68 days AFB. Strong upright shoots on scaffold limbs and at renewal pruning points were broken off by hand at 25, 38, and 52 days AFB to eliminate the majority of strong shoots likely to form. The number of fruit per square centimeter limb cross-sectional area (CSA) (three limbs per tree) was counted 67 days AFB. Very few fruit were removed from the blossom-thinned trees, because the crop density was below five to six fruit/cm 2 CSA.
In 1991, fruit were harvested in four pickings at the firm ripe stage. Ten fruit per tree per harvest were sampled from each tree, and fruit diameter and percent red surface (visually estimated) were recorded. In Spring 1992, the time required for pruning and the weight of prunings per tree were expressed as a percentage of the control. In addition, the number of flowers per square centimeter limb CSA in Apr. 1992 was determined on the 1991 fruitcount limbs. Fruit set on these limbs was also determined in 1992. After pruning in Feb. 1992, six primary shoots (not on the 1991 count limbs) 35 to 40 cm long were collected, and the number of buds on the terminal and basal half of each shoot was counted. These shoots were collected 2 days after a period of three nights (11-13 Mar. 1992) of -3, -6, and -8C, when flower buds were in early bud swell with no green or pink showing. The number of live (green pistil) and dead (brown pistil) buds (Proebsting and Miles, 1966) and the number of live buds/100 cm of shoot length were determined by cutting each bud on these six shoots. Because fruit buds had swollen just before the freeze, the darnage to buds could be easily differentiated from the occasional dead bud that might have died during the winter. No other freeze during the winter occurred that could have been responsible for the bud kill assessed at this time. In addition, before the March freezes, observations during January and February indicated that bud loss was minor. Data were tested using analysis of variance with the SAS GLM procedure, and factors, interactions, and means were compared by single-degree-of-freedom contrasts (SAS Institute, 1985) .
In 1991, trees in two additional experiments in Blacksburg, Va., were thinned to varying crop densities after bloom. Thus, the crop densities were equal until hand-thinned: 1) twelve 8-year-old 'Redhaven' trees were thinned to varying crop densities (1.8 to 11.3 fruit/cm 2 trunk CSA) 43 days AFB; 2) twelve 4-year-old 'Cresthaven' trees were thinned to crop densities ranging from 9.9 to 26.9 fruit/ cm 2 trunk CSA 48 days AFB. The average trunk circumference was 53 cm for 'Redhaven' and 23 cm for 'Cresthaven'. On 26 Mar. 1992, following the freezes, 10 one-year-old shoots, ≈ 40 cm long, per tree were removed. Length of 1991 shoot growth was recorded, and flower buds were cut longitudinally to determine if alive or dead. The number of flower buds, bud density, and percent live flower buds were recorded for each shoot. Data were analyzed by regression with the SAS GLM procedure (SAS Institute, 1985) . Three models were developed for each response variable using linear, quadratic, or linear and quadratic terms as regressor variables. The model with the highest determination coefficient and with significant ( P ≤ 0.05) coefficients was selected as the best model.
Results and Discussion
Blossom-thinned trees were inadvertently overthinned because more flowers had been expected to set fruit (Table 1 ) . However, yields were not significantly different between treatments, because fruit were 1 cm larger in diameter on blossom-thinned trees. Red pigmentation was not consistently affected by the treatments. Shoot removal appeared to increase fruit diameter slightly in hand-thinned trees, but not in blossom-thinned trees.
Because trees grew more when blossomthinned, pruning weight was greater than for trees thinned 38 days AFB. When strong shoots were removed, 40% to 48% less pruning weight was removed from dormant trees, regardless of when they were thinned (Table 1) .
Fruiting wood collected from blossomthinned trees had more flower buds/100 cm of shoot length than trees hand-thinned 38 or 68 days AFB (Table 2) . For hand vs. blossom thinning, the bottom half of the shoots was significantly different, but not the top half. During the 11-1 3 Mar. freezes, the buds on the Table 1 . Effect of thinning at certain times after full bloom (DAFB) and shoot removal on peach fruit size, color, and weight of dormant prunings (1991). z CSA = cross-sectional area. y Fu1l bloom occurred 8 Apr. 1991. x After fruit counts were taken, all treatments were hand-thinned again at 68 DAFB to prevent tree breakage. Average trunk circumference for treatment 1 was 38.6 cm, pruning time per tree was 9.35 rein, and pruning weight was 4.6 kg. w Trt = treatment. bottom half of the shoots were not as hardy on the control trees as on the blossom-thinned trees. Due to the combined effects of increased hardiness and increased numbers of buds per centimeter of shoot length on blossom-thinned trees, the bottom half of blossom-timed shoots had more live buds/100 cm than would have occurred had there been no differences in hardiness (Table 2 ). In addition, the number of fruit per square centimeter limb CSA on blossom-thinned trees tagged in 1991 was ≈ 400% higher in 1992 than the hand-thinned control due to the combined effects of an increased amount of fruiting wood, the increased Ohardiness of the flower buds, and the greater number of buds/100 cm of shoot length (Table 3) . The treatments did not affect the percentage of flowers setting fruit.
The two experiments at Blacksburg differed from the Winchester experiment because the crop densities were equal to the control until hand-thinned, and, therefore, differences in crop density did not originate at bloom as they did in the Winchester experiment. The results of the two Blacksburg experiments differed from each other, possibly because different cultivars were used or because crop densities were unequal. For 'Redhaven', with crop densities of 1.8 to 11.3 fruit/cm 2 trunk CSA, the number of flower buds per shoots and buds per centimeter were similar regardless of crop density (Fig. 1) . The percent live buds and number of live buds per centimeter declined nonlinearly with increasing crop densities. Shoots on trees with crop densities from 2 to 7 had more live buds than trees with crop densities > 7. 'Cresthaven' trees at Blacksburg had moderately light to very high crop densities (Fig. 2) . The percent live buds and the number of live buds per centimeter shoot length declined nonlinearly with increasing crop densities. Although there is considerable variation, resulting in an #value of 0.24, the data indicated a significant trend toward fewer live buds at high crop densities.
In conclusion, our results indicate that blossom-thinned trees had more live flower buds per unit length of shoot, and these buds were more cold hardy than trees hand-thinned 38 days AFB. This difference in the number of buds and hardiness was reflected most in basal buds that were initiated the first few weeks AFB, when crop density stress had been reduced early in the season. In addition, trees with excessive crop densities for 40 to 50 days AFB and then hand-thinned to moderately light crop densities also showed an increase in flower-bud counts and survival in art early spring freeze. Byers, R. E., D.H. Carbaugh, and C.N. Presley. 1990 .
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